INTRODUCTION
Over the past 20 years there has been an overall decline in the incidence of dental caries in children. However, inequalities remain, with those from the most deprived backgrounds experiencing the highest levels of disease. 1, 2 Fluoride is known to reduce the incidence of dental caries and has been shown to have a substantial caries-inhibiting effect. 3, 4 Fluoridated toothpaste, which has been widely available to the population since the 1970s, has played a major role in improvements to dental health at population level. Evidence shows that 'application of fluoride varnishes two to four times a year, either in the permanent or deciduous dentition, is associated with substantial reduction in caries increment. ' 3 The Department of
Objective To assess recruitment and participation within seven school/pre-school-based programmes for fluoride varnish applications. Method Year-long pilots were undertaken in six primary schools (ages four to seven years) and one pre-school (ages three to four years). Three applications of fluoride varnish were carried out coinciding with the three school terms.
Results In spite of intensive recruitment efforts, only 78% of the total 589 children were enrolled in the pilot; 15% had to be excluded because no response could be obtained from their parents. At the end of 12 months, 79% of enrolled children (62% of total) had received all three applications. Children did not receive applications because they were absent on the days when the dental team were carrying out the screening or fluoride varnish applications, were ill, or because the child refused. The highest refusal rate was in the pre-school. Conclusions Younger children need to be targeted if improvement in the oral health of five-year-olds is to be achieved, the only dental measure in the Public Health Outcomes Framework, but they were less likely to cooperate. More research is needed on approaches to maximise participation in community programmes such as this, if they are to achieve significant population-level improvements in child dental health.
to assess recruitment and retention rates and identify the main factors affecting the success of these programmes. This paper reports on the experience of establishing and recruiting to the year-long pilots.
METHODS
School pilots were set up for a year initially, across three areas in the South Central region, Oxfordshire (two schools), Portsmouth (three schools) and Southampton (one school and one preschool). The children were aged between four and seven years in the schools and between three and four years in the preschool. A pre-school/school setting was chosen to facilitate access and follow-up of participants. Children were recruited from reception year in the schools (four to five years of age) and the entry year in the pre-school (three years of age). All the schools involved were very supportive of the pilots. The schools were located in areas of deprivation and drew their children from the surrounding neighbourhoods. Data from the NHS dental epidemiological surveys, 8 local public health deprivation data and local intelligence identified the children in these schools as presenting with 'high dental needs' . A • Describes the multi-faceted approach used to achieve the best possible outcome for an oral health improvement programme with topical fluoride applications targeted at young children.
• Highlights the issues around establishing and maintaining such a programme, in particular regarding parent engagement.
• Outlines the limitations of targeted health improvement interventions that are resource intensive.
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postcode analysis of individual children to determine any association between deprivation and participation was therefore not included as almost all the children were from deprived backgrounds.
In accordance with Department of Health guidance, the consultant in dental public health (CDPH) from the Hampshire and Isle of Wight region oversaw all the pilots. During the year, the CDPH facilitated a continuous flow of information between the pilots about issues and best practice to maximise a successful outcome for all sites. Each area had a team with an extended-duty dental nurse managing the intervention at the school, including providing fluoride varnish applications, 9 supported by an oral health promotion team that included a dentist for screening and a dentist or dental therapist providing clinical support. A holistic multi-faceted approach that included dietary education, daily supervised toothbrushing sessions, oral health training for staff and parental engagement was used.
All children who were enrolled in the pilots were screened initially by a dentist to identify any dental decay that needed follow-up care and to prescribe the fluoride varnish. Three applications of fluoride varnish were planned, a pragmatic decision that was within the guidance and conformed to the three school terms to facilitate planning with the school. The fluoride varnish was applied by an extended-duty dental nurse trained in fluoride varnish application. The first application was carried out at the screening appointment. Medical histories were updated using reminder letters and telephone calls before every topical fluoride varnish application.
As anticipated, the biggest challenge was recruitment to the pilots and significant efforts were made using a variety of methods to maximise participation. Examples included poster displays to publicise the programme, a 'signing day' for returning signed consent forms, text reminders and intercepting parents before and after school.
School and dental staff worked together to encourage children to accept the applications using a variety of methods, including role play. Children who were recruited to the pilots were screened before the first application of fluoride varnish. Repeat screening sessions were organised for each application to maximise participation. Written information about the application and any treatment needed was sent to parents and to the child's dentist, if they had one. Appointments within the salaried dental services were offered to children who required dental treatment but were not currently receiving regular dental care.
RESULTS
The total number of children in the seven sites was 589. A completed consent form was received from 503 (85.4%). The response rate from sending the consent forms home in the children's book bags was very poor, with only 20-30% at each site returning completed consent forms. Even with the intensive efforts, including repeated follow-ups, the biggest loss to recruitment was non-response to recruitment letters. A total of 86 (14.6%) children were lost in this way. Of the 503 who returned the forms, only 16 (3.2%) declined consent. Of the consented children, 22 were not enrolled as the fluoride varnish was contraindicated for 21 due to their medical history and one child was already receiving applications at a dental practice. Seven children left the school between the consent process and the start of the programme. A total of 458 children (77.8% of the total 589 children) were enrolled in the pilot year, of whom 363 (61.6% of the total 589 children) received the three applications as planned. Figure 1 provides a flow chart of children's participation, while Figure 2 demonstrates the decline in participating children at each stage of the programme.
Missed sessions were generally due to absences, illness or child refusals on the day, either for the screening or the fluoride varnish application. Child refusals were highest in the pre-school group.
DISCUSSION
These South Central pilots were set up in line with the evidence that states that increasing the availability of fluoride, through fluoride varnish applications, contributes to reduction in dental caries risk. [3] [4] [5] However, children who do not attend regularly for dental care miss out, and delivering it in a school setting seems a good option to reach all children. The programme included dietary advice for parents and teachers and supervised toothbrushing sessions to achieve the best outcome.
Overall, the programme was very resource-intensive. Staff in the pre-school and primary schools were supportive throughout, but continued engagement was needed to maintain their motivation. It was difficult for staff to find time in their busy schedules for discussions and training.
As anticipated, recruitment was the most challenging aspect of the pilot. Engaging with parents was difficult. There was little interest in parents' evenings, which meant that the dental teams had to be on-site for one-to-one discussions with parents before and after school. This was not always successful as parents were often unable to stay for long and many children were not accompanied by their parents. Some parents had difficulties understanding the consent form even with explanations due to language and literacy barriers. There were some parents who were unwilling to engage and some who could not be reached at all, even after multiple attempts using a variety of methods. The dental team had to update medical histories before each application, which presented the same issues with reaching parents on each occasion.
Even with this dedicated and intensive approach, the teams were able to enrol less than 80% of the children and only about two-thirds of the original cohort received all three planned applications. There is concern that those children who were not included may be those with dental decay or at highest risk of dental decay and therefore would have benefited the most, even in this 'high-needs' population.
The pilots included three-year-olds in a pre-school to assess the feasibility of providing fluoride varnish applications earlier in life so as to influence dental outcomes for five-year-olds. The dental decay rate for five-year-olds is the only oral health measure included in the new Public Health Outcomes framework. 10, 11 Targeting younger children may also have a greater impact on reducing the risk of dental decay and encourage positive attitudes from an earlier age. However, the greatest number of refusals from children for screening and fluoride varnish applications was in the pre-school. The younger children required greater engagement and the application process was more time-consuming. Repeat attempts were made with some of the children who refused. This was not always deemed possible to avoid upsetting children, nor was it always successful. Two of the younger children refused the screening and had to be excluded from the programme, which meant that they did not receive any fluoride varnish applications.
In Scotland the Childsmile programme includes both fluoride varnish applications and school toothbrushing programmes. 6 Monitoring of the programme through its first three years from 2006 to 2009 has shown considerable variation in consent rates for fluoride varnish applications across the schools. The overall coverage was only 47% of the P1 and P2 school rolls (4-to 7-year-olds). Further analysis is underway to assess if social deprivation is related to participation in this programme. There have been significant improvements to child oral health in Scotland 1 that may be primarily due to the establishment of supervised toothbrushing programmes nationally, but even these have seen a falloff after the first year at primary school. 12 By the end of the 2008-2009 school year 95% of all Scottish nursery schools attended by 97,000 three to five-year-olds were participating in supervised toothbrushing, however, this participation rate decreased in P1 and P2. 13 The Childsmile programme is currently being evaluated and it will be interesting to see if the trajectory of oral health improvement achieved is sustainable in the long-term. 14, 15 Designed to Smile is a similar programme in Wales delivering supervised toothbrushing programmes and fluoride varnish applications. 7 Dental treatments are delivered at nursery and school sites using a mobile dental vehicle. It has only recently been introduced and is yet to be evaluated.
Supervised toothbrushing schemes have been established in schools in England for some years since the DH 'Brushing for Life' 16 initiative some years ago. The national initiative has now ended, but supervised toothbrushing programmes continue throughout the country. There is no national oral health improvement programme involving fluoride varnish applications in England. It is not known if these types of programmes will achieve long-term population-wide improvements in oral health, over and above the supervised toothbrushing programmes. A recent trial in East Lancashire failed to demonstrate an effect for fluoride varnish applications when used as a public health intervention to prevent caries in first permanent molar teeth. 17 The authors reported a 50% consent rate for their cohort and postulated that the low consent rates may have affected the effectiveness of the intervention. The authors' state: 'This was a pragmatic trial, and although providing consent for a trial is different from providing consent for a public health program, it is obvious that low consent rates reduce the effectiveness of public health interventions' . 18 These results concur with a study done in Manchester, 19 which also failed to demonstrate any reduction in dental caries with twice-yearly applications of fluoride varnish in 6-to 8-year-olds. The Manchester study reported a consent rate of 51%. Their trial cohort, with a mean age of 6.9 years, had a caries level that was lower than would be expected for the population. The decayed, missing and filled teeth (dmft) for a younger cohort of five-yearolds in 1999/2000 was 2.9 20 and the d 3 mft (dentine lesions) was 2.48. The d 3 mft of the trial cohort was 2.39, which is lower rather than higher as would be expected for older children. The authors concluded that the 'relatively low level of caries reduced the effectiveness of the intervention, since the children who participated were least likely to have benefited from the programme, whereas those who might have benefited did not respond when consent was sought' . 19 In the South Central pilots there was a noticeable drop in numbers between consented children and those receiving the fluoride varnish applications. There were also a varying number of children at each of the three planned applications. This variable number of children at application visits resulted in approximately 80% of the enrolled children, two thirds (60%) of the total number of children in the schools, having all three planned fluoride applications. The main reasons for this drop were absences and refusals. Repeat visits were organised to include as many children as possible but there is a limit to the number of times a dentist or dental nurse can return to reach absent children, particularly with the high rates of absenteeism in some of the schools. It was more time-consuming to carry out the applications in the pre-school and the refusal rate was higher. These younger children need to be targeted if the dental decay rate of five-year-olds is to be improved, but this type of intervention in younger children requires an increased investment of resources.
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Supervised toothbrushing programmes in England, Scotland and Wales have been successfully implemented within schools and nurseries. 16 They encourage the use of fluoride toothpaste and may prove to be more successful in increasing exposure to fluoride than fluoride varnish applications. However, even supervised toothbrushing programmes require cooperation from busy school and nursery staff and consent from all parents to achieve maximum coverage.
The best chance of improving dental health in children requires the use of a variety of interventions including dietary change, daily toothbrushing with the use of fluoride toothpaste and encouraging regular dental visits for the application of topical fluoride varnish and fissure sealants. These programmes need to be maintained through many years of school life to achieve longterm benefits. Impact and sustainability are important considerations for any health improvement programme for children.
The feasibility of implementing targeted oral health improvement programmes more widely needs to be carefully evaluated with respect to investment and outcomes. Targeted programmes are resource intensive and need to reach all children to be able to achieve significant improvements in children's dental health at populationlevel to justify the high level of investment. Population-wide improvements will not be achieved if children with the highest needs do not participate in these initiatives. This could, instead, lead to an undesirable widening in the dental health inequalities.
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CONCLUSION
Fluoride varnish applications have been shown to be effective in reducing risk of dental decay in research settings, but studies carried out in community settings in England have not achieved the same benefits. This may be due to issues with reaching all children, including those at highest risk of dental decay. Consideration needs to be given to the fact that implementing and maintaining oral health improvement programmes with topical fluoride varnish applications in community settings is resource intensive. More research is needed to determine how best to achieve participation of all children, if these programmes are to achieve measurable population-level improvements.
